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1 INTRODUCTION

1.1 Purpose and Scope

The purpose of this Data Product Software Interface Specification (SIS) is to provide users
of the Cassini Burst Ordered Data Products (BODP) with a detailed description of the products
and a description of how they were generated. Cassini Burst Ordered Data Products are data
sets at various stages of processing which are organized as time-ordered records for each burst.
The products described in this SIS are listed in Table 1, Cassini Burst Order Data Products.

Table 1: Cassini Radar Burst Ordered Data Products

\ Data Set ID \ Name \ Description

Instrument Telemetry and Calibrated Science Data in
Burst Order. Excludes time sampled echo data and
altimeter profiles.

CO-V/E/JIS-RADAR-3- | Long Burst Data |Same as SBDR but includes time sampled echo

CO-V/E/J/S-RADAR-3- | Short Burst Data
SBDR-V1.0 Records

LBDR-V1.0 Records data.
CO-SSA-RADAR-3- Altimetry Burst |Same as SBDR but includes altimeter profiles. Only
ABDR-V1.0 Data Records |covers time periods in Altimeter mode.

CO-SSA-RADAR-3- Altimetry Burst |Additional information extracted from altimeter
ABDR-SUMMARY-V1.0 | Data Summary |profiles. Only covers time periods in Altimeter mode.

This SIS is intended to provide enough information to enable users to read and understand
the Cassini Burst Ordered Data Products. This SIS is intended for software developers,
engineers, and scientists interested in accessing and using these products.

This Data Product SIS describes how Cassini Radar Burst Ordered Data Products were
processed, formatted, labeled, and uniquely identified. The document discusses standards used

in generating the product and software that may be used to access the product. The data
product structure and organization is described in sufficient detail to enable a user to read the

product.

A description of the BODP product formats and the data contained in them is provided in
Section 2.3 — Data Products Description. This description is at a level of detail, which we expect
to be useful for the majority of users. For examples of PDS labels (headers) see Appendices A
and B. For a detailed description of all the data fields in the BODP products and a table of their
locations in the file see Appendix C. The length of records can also be found in Appendix C as
well as in the attached PDS label of each BODP file.

1.2 Applicable Documents (References)

This Data Product SIS is responsive to the following Cassini documents:

1) Project Data Management Plan, JPL D-12560, PD 699-061, Rev. B, April 1999, and
Science Management Plan, JPL D-9178, PD 699-006, July 1999.

2) Cassini RADAR Basic Image Data Records SIS, JPL D-27889, Feb 2004, Version 1.0.
3) Cassini/Huygens Archive Plan for Science Data, JPL D-15976, 699-068.
4) SIS for Cassini RADAR Digital Map Products, JPL D-xxxx, Version 1.0
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This SIS is also consistent with the following Planetary Data System documents:

5) Planetary Data System Data Preparation Workbook, Version 3.1, February 17, 1995,
JPL D-7669, Part 1.

6) Planetary Data System Data Standards Reference, June 15, 2001, Version 3.4,
JPL D-7669, Part 2.

7) SIS for Cassini Radar Basic Image Data Records, JPL Document #D-27889

8) Volume SIS for Cassini Radar Digital Map Products, JPL Document #D-30412, USGS
#l0-AR-014

9) SIS for Cassini Radar Digital Map Products, JPL Document #D-30411, USGS
#l0-AR-015

10) Volume SIS for Cassini Radar Instrument Team Data Products, Document # D-27890

Finally, this SIS is meant to be consistent with the contract negotiated between the Cassini
Project and the Cassini RADAR Experiment Principal Investigator (Pl) in which data products
and documentation are explicitly defined as deliverable products.

1.3 Relationships with Other Interfaces

There are two other data product sets that contain data from the Cassini Radar instrument.
These are:

the Basic Image Data Records (BIDR) and
the Digital Map Products (DMP).

Both of these product sets are downstream from the data products described in this
document. The Cassini Radar Instrument team is responsible for developing and documenting
the BIDR data. See SIS [7].

The document that describes the volume which contains BODP and BIDR data is [10].

Randolph Kirk of the US Geological Survey is responsible for developing and documenting
the DMP data. The relevant SIS's are [8] and [9].

2 DATA PRODUCT CHARACTERISTICS AND ENVIRONMENT

2.1 Instrument Overview

The Cassini RADAR is a facility instrument on the Cassini Orbiter. It is capable of passive
(radiometer) and active (scatterometer, altimeter, SAR imaging) operation. During active mode
operation interleaved passive measurements are also obtained.

The primary target for Cassini Radar observations is Titan, the largest Saturnian moon.
Due to its thick hazy atmosphere, Titan's surface was not imaged successfully by the Pioneer or
Voyager spacecraft, though atmospheric "windows" in the near infrared have been exploited by
the Hubble Space Telescope and earth-based telescopes to produce low-resolution albedo maps
of part of the surface. The Cassini radar instrument will obtain backscatter and altimeter
sounding measurements of portions of Titan's surface. High resolution synthetic aperture radar
(SAR) backscatter images of 15% of Titan's surface will be obtained. Radiometer measurements
covering the entire surface of Titan will also be acquired.
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2.2 Instrument Description Summary

Instrument Type: Radar

Modes:
Imaging (13.78 GHz; 0.425 MHz & 0.85 MHz bandwidth)
Altimeter (13.78 GHz; 4.25 MHz bandwidth)
Scatterometer (13.78 GHz; 0.1 MHz bandwidth)
Radiometer (13.78 GHz; 135 MHz bandwidth)

Number of nominal Operational Periods:
One (1) per selected flyby of Titan (approximately 12 to 22 flybys, total)
Duration of nominal Operational Period:
From 300 minutes before to 300 minutes after closest approach to Titan for prime
operation.
Peak Power: 86 W
Data Rates:
1 kbps: Radiometer only
30 kbps: Altimeter & Scatterometer / Radiometer
365 kbps: SAR Imaging / Radiometer

2.3 Data Products Description

This document describes the data included in the Burst Ordered Data Products. Burst
Ordered Data Products (BODP) are comprehensive data files that include engineering telemetry,
radar operational parameters, raw echo data, instrument viewing geometry, and calibrated
science data. The BODP files contain time-ordered fixed length records. Each record
corresponds to the full set of relevant data for an individual radar burst. The Cassini Radar is
operated in "burst mode", which means the radar transmits a number of pulses in sequence then
waits to receive the return signals. "Burst" is a descriptive term for the train of pulses transmitted
by the radar. We use the term "burst" (somewhat unconventionally) to refer to an entire
measurement cycle including transmit, receipt of echo, and radiometric (passive) measurements
of the naturally occurring radiation emitted from the surface. In fact, even when the transmitter is
turned off and only passive measurements are made we still refer to the measurement cycle as
a burst.

Burst Ordered Data Products are fixed header length, fixed record length files. The header
is an attached PDS label. See Section 2.4.4 — Labeling and Identification for a description of
BODP attached PDS labels and Appendix A and B for examples. Records are rows in a table.
Each data field is a column. All one needs to know to read a particular data value from a
particular data field is the header length, the record size, and the byte offset of the data field
within the record. Since a UTC time tag is included in each record, it is a simple matter to
restrict the data one reads to a particular time interval. In order to further facilitate temporal
segmentation of the data, we plan to provide a Cassini Radar Transition (CRT) file for each Titan
pass. This file will maintain a temporally ordered list of the times and transition types for all scan
start and end events, and radar mode transitions (e.g., radiometry to scatterometry mode
switch). See the Volume SIS for more information about CRT file formats.

The BODP comprise three separate similar data sets, including the Short Burst Data
Record (SBDR) the Long Burst Data Record (LBDR) and the Altimeter Burst Data Record
(ABDR) plus the ABDR Summary file. The only difference among the first three formats is
whether or not two data fields are included: the sampled echo data, and the altimeter profile.



2008/06/25 Cassini RADAR Burst Ordered Data Products SIS, Version 2.0 4

The altimeter profile is an intermediate processing result between sampled echo data and a final
surface height estimate. LBDRs include the echo data but not the altimeter profile.

ABDRs include the altimeter profile but not the echo data. SBDRs include neither. Note that the
ABDR and ABDR Summary files only cover time periods when the instrument is in altimetry
mode (e.g., bandwidth). These ftrivial differences necessitate different data sets because the two
fields in question are much larger than all the other data fields combined. The majority of the
bursts in a typical Titan pass are passive measurements. These bursts do not produce echo
data or altimeter profiles. Of the active mode bursts most are not in altimeter mode so no
altimeter profiles are produced. Including these two data fields when they are invalid would
ridiculously increase the size of the archived data. The alternative of having variable length
records was deemed to overly complicate data archiving and analysis procedures. Maintaining
three data sets reduces data volume while allowing record lengths to remain fixed. The ABDR
Summary file is an ASCII comma-separated value file that provides additional information
derived from the altimeter profile. The ABDR Summary file is an addition to Version 2 of the data
and is described in Appendix D.

Consider a typical Titan pass. When approaching Titan, first only radiometer
measurements are obtained. Then the transmitter is turned on and scatterometer
measurements are added. When Titan is close enough for useful altimetry, the radar goes into
altimeter mode. Finally, about 15 minutes prior to closest approach SAR observation begins.
On the outbound portion of the pass these transitions occur in reverse. When the data from a
pass is received on the ground, it is processed in the following manner: An SBDR record is
produced for every burst throughout the pass. An LBDR file is produced which only contains
records for the middle portion of the pass during which the transmitter was on. (Sometimes it is
necessary to create multiple LBDR files in order to avoid file lengths > 2Gbytes which are
problematic for older operating systems.) An ABDR file is produced which contains records for
only the periods (typically one inbound, one outbound) in which the radar is in altimeter mode. If
desired, bursts can be easily matched across data sets. One data field in each record is a burst
identifier, which uniquely distinguishes a burst from all other bursts in the mission. Records in
different data sets that correspond to the same burst have the same burst ID.

Excepting unitless quantities and raw telemetry, all data fields are stored in standard units:
1 time in seconds

2 frequency in Hertz

3 power in Watts

4 current in Amps

5 voltage in Volts

6 length in kilometers

7 temperature in Kelvin

8 angles in degrees

9 velocity in kilometers per second

10 angular velocity in degrees per second
11 energy in Joules

The SBDR data record is divided into three consecutive segments from three different
levels of processing: 1) the engineering data segment, 2) the intermediate level data segment
(mostly spacecraft geometry), and 3) the science data segment (antenna temperature,
backscatter, measurement geometry, etc.). Below, in Sections 2.3.1 — 2.3.3, we describe a
subset of the fields in each of these data segments which is likely to be of interest to the average
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user. The engineering data segment contains a complete copy of the telemetry data downlinked
from the spacecraft and thus has the most fields by far. It includes temperatures, instrument
instructions, operational parameters of the radar, and raw measurements (i.e., unnormalized
radiometer counts.) For the sake of conciseness, we avoid discussing many of these fields here.
For a full description of all SBDR fields see Appendix C. In Section 2.3.4 we describe the raw
active mode data, and in Section 2.3.5 we describe the altimeter profile.

2.3.1 Engineering Data Segment

The engineering data segment includes a copy of the radar telemetry contained in the
Engineering Ground Support Equipment (EGSE) files obtained from the spacecraft data
downlinks. This data is stored to allow investigators to access as much of the information
obtained by the spacecraft as possible. Telemetry data is decoded and converted to standard
units. The most important fields in this segment are the radar operational parameters and the
raw radiometer data. The following table documents each of these fields. Each field in the table
is 4 bytes long.

Table 2: Fields of Interest in the Engineering Data Segment

Data Field Name _IIZ_)ata Description
ype
burst_id integer An integer which .un!quely identifies each burst
throughout the mission.
. . . The receive window length in units of PRI (pulse
rx_window_pri integer

repetition interval).

The operational mode of the radar.

0 = Scatterometry, 1 = Altimetry, 2 = Low resolution
radar_mode integer | SAR, 3 = High resolution SAR, 4 = Radiometer only.
Adding 8 to any of these values indicates auto-gain is
enabled. Auto-gain is N/A for Radiometer only mode.

Analog to Digital Converter sampling rate in Hz. This
is the rate at which the echo is sampled. Since

adc_rate float Cassini uses video offset rather than 1Q sampling.
Each sample is a real (not complex) value.
antenna int period float The length of a single radiometer antenna
_Int_p measurement window in seconds.
chirp_time_step \ float \ Chirp step duration in seconds.
Number of radiometer antenna measurement
num_rad_meas float windows
Number of chirp steps. One step means two different
num chirp steps inteqer frequencies before and after the step, so that the
—chirp_step 9 number of distinct frequencies is one more than the
number of steps.
chiro lenath float Total length of chirp in seconds. This is equivalent to
p_ieng the width (during transmission) of an individual pulse.
chirp_freq_step \ float \ The change in frequency for each chirp step in Hz.
num_pulses ] integer ] Number of pulses transmitted.

burst_period \ float \ Time in seconds between consecutive bursts.
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Data Field Name _IIZ_)ata Description
ype
] PRI ] float ] Pulse repetition interval in seconds.
. Time in seconds from start of burst to start of receive
rx_window_delay float :
window.
\ chirp_start_freq \ float \ Starting frequency of chirp in Hz.
] raw_res_load_meas ] integer ] Resistive load measurement (raw counts)
. Radiometer antenna measurement summed over all
raw_antenna_meas integer

windows (raw counts).

\ raw_noise_diode_meas \ integer \ Noise diode measurement (raw counts).

The length of the noise diode measurement window in

noise_diode_int_period float
seconds.

The length of the resistive load measurement window

res_load_int_period float .
in seconds.

A flag which identifies the method used to compress
the raw active mode data. Usually this value is
bag_mode integer | unimportant to the user because the echo data has
been decompressed. When the value is 3, however,
the raw echo data has a special meaning. See below.

Number of bursts transmitted with a single round trip
time. The value is almost always 1. In this case, all
num_bursts_in_flight integer | the fields in the record correspond to the same
measurement. For more details, see
num_bursts_in_flight.

Number of valid data values in the time sampled echo

raw_active_mode_length | integer data array after decompression.

Root mean square of the time sampled echo data after
decompression.

raw_active_mode_rms float

2.3.2 Intermediate Level Data Segment

The Intermediate Level Data Segment contains timing and spacecraft geometry
information which is computed using various NAIF kernel files in addition to the EGSE raw radar
telemetry file. It also contains several temperatures which were obtained from ancillary
spacecraft temperature telemetry files.

The SPICE geometry library is used to compute spacecraft ephemeris and attitude
information in two coordinate frames: an inertial frame (J2000) centered on the target (typically
Titan), and the target body fixed frame (TBF). Although both frames are centered on the target,
the orientations of the frames differ. The TBF frame maintains a constant orientation with
respect to any point on the surface of the target. For example, if the target were Earth, the TBF
coordinates of the point 100 m above the Washington monument would not change with time.
The inertial frame coordinate system is the standard J2000 coordinate system translated so that
it is centered at the target's (Titan's) center at the time of the start of the burst.

For observations of other icy satellites, Jupiter, Saturn, Earth, or Venus, the target will be
the body in question, and the J2000 and TBF coordinate systems will be defined accordingly.
(Ring observations will have the target "RINGS" but the TBF coordinate system will be
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IAU_SATURN, the official IAU Saturn body fixed coordinate system.) Some observations will be
distant microwave sources or cold sky calibration. For these cases the s/c geometry will be
Earth centered for J2000, and the TBF fields will have special meaning. TBF fields for cold sky
calibrations are invalid. For microwave source scans, TBF spacecraft position is a unit vector
pointing from the spacecraft to the microwave source, spacecraft velocity is 0, and all other TBF
parameters default to J2000 values. Microwave source scans are readily identified because the
target_name field contains a string designating the microwave source (i.e. ORION, M15, etc)
rather than a solar system body. Text (character string) fields for the name of the target and the
official name of the target body fixed coordinate frame are reported for each burst.

The data fields in this segment include time at start of burst, spacecraft position and
velocity, the direction vectors of the axes of the spacecraft coordinate system, and the angular
velocity vector of the spacecraft.

The spacecraft position and velocity vectors are obtained at the start time of the burst
(t_ephem_time). The geometry for active mode data is calculated at

t ephem_time + act_geom_time_offset.

act_geom_time_offset is midway between the center of the transmit window and the center
of the receive window — the average time that the signal was reflected from the surface.

The geometry for passive mode data is calculated at
t ephem_time + pass_geom_time_offset.
pass_geom_time_offset is the mid-point of the summed radiometer windows.

Users can compute the spacecraft position at either of these times using values of the
position and velocity in an equation shown generically as

new_sc_pos = sc_pos + geom._time_offset * sc_vel

where sc_pos and sc_vel are in the desired coordinate system, the time offset is active or
passive, and the equation applies to each component of the position. Performing this position
update is crucial to using the altimeter data in the ABDR.

The following table documents each field in detail. Geometry information is often
expressed as three dimensional vectors. Such information is stored as three data fields: one for
each of the x, y, and z components. In the table only the x components are listed. X-component
data field names end in "_x" (e.g., sc_vel_j2000_x), y-component field names in "_y", and z-
component field names in "_z". The three components are always consecutive in x, y, z order.
Fields with data type "double" are real valued 8 byte numbers. UTC time strings are 24 bytes
long. Other strings are multiples of 4 bytes long as specified in the table. All other fields are four
bytes long.
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Table 3: Fields of Interest in the Intermediate Level Data Segment

Data Field Name

\ Data Type \

Description

engineer_qual_flag

integer

Flag to indicate quality of intermediate level data
segment. Bit 0 is the LSB. The following table
indicates the meaning of setting each bit to 1.

Bit 0 Bad or missing s/c attitude data

Bit 1 Other bad of missing geometry data

Bit 2 Missing temperature telemetry (scwg_tmp)
Bit 3 Missing temperature telemetry (feed_tmp)
Bit 4 Missing temperature telemetry (hga_tmp)
Bit 5 Downlink error in raw data file

The other 26 bits are not currently used but are
available for future use.

t_sc_clock

double

Encoded spacecraft clock time at start of burst. This
value is used by the SPICE software employed by
the Cassini Navigation Team.

t_ephem_time

double

Time at start of burst expressed in seconds since
12:00 AM Jan. 1, 2000.

t utc_ymd

string

Time at start of burst expressed as a UTC time tag
in yyyy-mm-ddThh:mm:ss.sss format. One blank
space is padded at the end of the string to make
certain the record length is a multiple of 4 bytes.

t utc_doy

string

Time at start of burst expressed as a UTC time tag
in yyyy-doyThh:mm:ss.sss format. Three blank
spaces are padded at the end of the string to make
certain the record length is a multiple of 4 bytes.

transmit_time_offset

double

Time offset in seconds from t_ephem_time at which
the leading edge of the first transmit pulse leaves
the antenna.

time_from_closest _approa
ch

double

t_ephem_time - closest_approach_time

time_from_epoch

] double

] t_ephem_time - epoch_time

target_name

string

Name of body observed during this burst
(measurement cycle). The string is 16 characters
(bytes) long including space characters padded at
the end.

tbf frame_name

string

Name of the target body fixed frame in the NAIF
SPICE system. The string is 24 characters (bytes)
long including space characters padded at the end.

pole_right_ascension

double

Right ascension (east positive longitude in the target
centered J2000 celestial sphere) of the North pole
of the target body in degrees at the epoch time.

pole_declination

double

Declination (latitude in the target centered J2000
celestial sphere) of the North pole of the target body

in degrees at the epoch time.
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target_rotation_rate

double

Positive east rotation rate in degrees/s of the target
body about its axis in the target centered J2000
inertial coordinate system.

target_rotation_angle

double

The rotation about the north pole of the target body
required to complete the transformation from J2000
to target body fixed coordinates.

Target body fixed coordinates at epoch_time can be
computed by successively applying the following
three rotations to the J2000 coordinates:
pole_right_ascension degrees about the J2000 Z-
axis, 90 - pole_declination degrees about the once-
rotated Y-axis, and farget rotation_angle degrees
about the twice rotated Z-axis.

An additional rotation of farget_rotation_rate *
time_from_epoch degrees about the thrice rotated
Z-axis yields the target body fixed coordinates at
t ephem _time.

beam_number

integer

The number (1-5) of the beam for which
measurements are obtained during this burst.

sc_pos_j2000_x

double

x-component of spacecraft position in target-
centered J2000 inertial coordinate system.

sc_vel j2000_x

double

x component of spacecraft velocity in target-
centered J2000 inertial coordinate system.

sc_pos_target x

double

x-component of spacecraft position in target body
fixed (TBF) coordinate system.

sc_vel_target x

double

x-component of spacecraft velocity in target body
fixed (TBF) coordinate system.

sc_x_axis_j2000_x

double

x-component of direction vector representing the
spacecraft coordinate system's x-axis in the J2000
coordinate system. This is a unitless quantity. The
vector magnitude is one.

sc_y axis_j2000_x

double

x-component of direction vector representing the
spacecraft coordinate system's y-axis in the J2000
coordinate system. This is a unitless quantity. The
vector magnitude is one.

sc_z_axis_j2000_x

double

x-component of direction vector representing the
spacecraft coordinate system's z-axis in the J2000
coordinate system. This is a unitless quantity. The
vector magnitude is one.

sc_x_axis_target x

double

x-component of direction vector representing the
spacecraft coordinate system's x-axis in the TBF
coordinate system. This is a unitless quantity. The
vector magnitude is one.
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x-component of direction vector representing the
spacecraft coordinate system's y-axis in the TBF
coordinate system. This is a unitless quantity. The
vector magnitude is one.

sc_y_axis_target x double

x-component of direction vector representing the
spacecraft coordinate system's z-axis in the TBF
coordinate system. This is a unitless quantity. The
vector magnitude is one.

sc_z_axis_target x double

x-component of spacecraft angular velocity vector in

rot_vel_j2000_x double J2000 coordinate system. Units are degrees/s.

x-component of spacecraft angular velocity vector in

rot_vel_target_x double TBF coordinate system. Units are degrees/s.

2.3.3 Science Data Segment

Two primary estimates of geophysical quantities are available in the science data
segment: 1) the normalized backscatter cross-section , obtained from the scatterometer
measurement, 2) the antenna temperature determined from the radiometer measurement. The
antenna temperature is computed for every burst. The normalized backscatter cross-section is
computed for all bursts with active mode data. For each burst in altimeter mode, the surface
height is estimated. In addition to these primary values, ancillary parameters are also computed.
The ancillary parameters include intermediate values (e.g., receiver temperature, total echo
energy, system gain, etc.), analytical estimates of the standard deviation of the residual error in
each of the two primary measurements, and measurement geometry. A "corrected" version of oy
is also computed in which the effects of incidence angle are removed by a global average
model. This quantity is produced in order to ease the identification of surface features from o,
maps. Science team input was used to specify the incidence angle correction method.
Synthetic Aperture Radar (SAR) ancillary data is also included in the science data segment
when available. The SAR images themselves are stored in the Basic Image Data Record
(BIDR) files.

Measurement geometry information is available for both the active and passive mode
measurements. Some of the active and passive mode quantities are likely to be identical (e.g.
polarization orientation angle). However, separate data fields are reported, because the
differences in the passive and active mode measurement times can in principle cause the two
cases to differ. Passive geometry is computed for the time corresponding to the midpoint of the
passive receiver window (summed radiometer windows). Active mode geometry is computed for
the time halfway between the midpoint of the transmission and the midpoint of the active mode
receiver window. The full set of measurement geometry for each case includes: the polarization
orientation angle, emission/incidence angle, azimuth angle, the measurement centroid, and four
points on the 3 dB gain contour of the measurement. The centroid and contour points are
specified in latitude and longitude, using the standard west longitude positive geodetic
coordinate system sanctioned by the IAU. The geodetic part of the definition is moot since Titan
is modeled by a sphere. See [1] and [3] for a more rigorous definition of the coordinate system.
The measurement geometry will not be available and will be flagged as invalid for cases in which
there is no target body or the measurement extends beyond the limb of the target body. There is
no plan to compute the science data segment for non-Titan bodies with the exception of
radiometric observations of Saturn and its rings. For other bodies these fields will be flagged as
invalid. For most non-Titan icy satellite observations, due to SNR effects, only a single antenna
temperature or backscatter measurement will be computable rather than values for each burst.
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For these observations a single backscatter value and a single antenna temperature value will
be reported in the AAREADME.TXT file in the root directory of the volume. (No altimetry data will

be obtained for bodies other than Titan.)

The following table summarizes the data fields in the science data segment. All fields are
4 bytes long except doubles which are 8 bytes. When a field is invalid its value is set to zero
and the science_qual_flag bits are set accordingly.

Table 4: Science Data Segment Data Fields

Date

Data Field Name T Description
ype
Quality flag specifying which of the science data
elements are valid. Zero value indicates all data fields
are valid. The meaning of a set bit (bit =1) is as
follows for each bit. (Bit O is the LSB).
Bit 0 All passive mode fields are invalid.
Bit 1 All active mode fields are invalid.
Bit 2 All altimeter fields are invalid.
Bit 3 All scatterometer fields are invalid.
science qual fla integer Bit 4 All radiometer fields are invalid.
—qual_flag 9 Bit 5 Passive boresight is not on surface.
Bit 6 One or more of passive ellipse points is not on
surface.
Bit 7 Active boresight is not on surface.
Bit 8 One or more of active ellipse points is not on
surface.
Bit 9 All SAR fields are invalid.
Remaining 22 bits are currently unassigned but may
be utilized at a later time.
. Coefficient used to convert radiometer counts to
system_gain float
antenna temperature.
antenna_temp float Antenna contribution to overall system temperature.
receiver_temp float Receiver contribution to overall system temperature.
Estimated standard deviation of the residual error in
ant_temp_std float .
antenna temperature estimate.
Time offset in seconds from burst reference time
pass_geom_time_offset float (t_ephem_time) for which the passive geometry fields
were computed
Angle of orientation of the electric field vector about
the look vector during receipt of the passive mode
measurement. Angle is zero when the electric field
pass_pol_angle float

vector is perpendicular to the plane of incidence as
defined by the look vector and the target surface
normal, and increases counterclockwise.
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Data Field Name

Date
Type

Description

pass_emission_angle

float

The angle between the antenna look direction and
the surface normal during receipt of the passive
mode measurement.

pass_azimuth_angle

float

The direction of the projection of the antenna look
vector in the plane tangent to the surface at the
measurement centroid, expressed by the angle
counterclockwise from East (e.g. North is 90
degrees).

pass_centroid_lon

float

Longitude of the passive (one-way) antenna
boresight.

pass_centroid_lat

float

Latitude of the passive (one-way) antenna boresight.

pass_major_width

float

Width of major axis of ellipse representing passive
measurement one-way 3-dB gain pattern contour.

pass_minor_width

float

Width of minor axis of ellipse representing passive
measurement one-way 3-dB gain pattern contour.

pass_ellipse_pt1_lon

float

Longitude of first point in ellipse representing passive
measurement one-way 3-dB gain pattern contour.
This point is on the major axis of the best fit ellipse.

pass_ellipse_pt2_lon

float

Longitude of second point in ellipse representing
passive measurement one-way 3-dB gain pattern
contour. This point is on the major axis of the best fit
ellipse.

pass_ellipse_pt3_lon

float

Longitude of third point in ellipse representing
passive measurement one-way 3-dB gain pattern
contour. This point is on the minor axis of the best fit
ellipse.

pass_ellipse_pt4_lon

float

Longitude of fourth point in ellipse representing
passive measurement one-way 3-dB gain pattern
contour. This point is on the minor axis of the best fit
ellipse.

pass_ellipse pt1_lat

float

Latitude of first point in ellipse representing passive
measurement one-way 3-dB gain pattern contour.
This point is on the major axis of the best fit ellipse.

pass_ellipse_pt2_lat

float

Latitude of second point in ellipse representing
passive measurement one-way 3-dB gain pattern
contour. This point is on the major axis of the best fit
ellipse.

pass_ellipse pt3_lat

float

Latitude of third point in ellipse representing passive
measurement one-way 3-dB gain pattern contour.
This point is on the minor axis of the best fit ellipse.

pass_ellipse_pt4_lat

float

Latitude of fourth point in ellipse representing passive
measurement one-way 3-dB gain pattern contour.
This point is on the minor axis of the best fit ellipse.
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Data Field Name

Date
Type

Description

num_pulses_received

integer

Number of pulses that were received completely
within the echo window. Partial pulses are ignored.

total_echo_energy

float

Estimate of the total energy in the receiver window in
Joules.

noise_echo_energy

float

Estimate of the noise contribution to the energy in the
receiver window.

x_factor

float

Ratio of received signal energy to normalized
backscatter cross-section.

sigmal_uncorrected

float

Normalized backscatter cross-section. Quantity is
unitless. Scale is physical (linear) not dB
(logarithmic),

sigma0_corrected

float

Normalized backscatter cross-section corrected to
minimize dependence on incidence angle. Quantity is
unitless. Scale is physical (linear) not dB
(logarithmic).

sigma0_uncorrected_std

float

Estimated standard deviation of residual error in
normalized backscatter cross-section.

surface_height

float

Estimated height of the body surface above the
center (reference point) in km. Computed from the
active mode data when the radar is in altimeter
mode. No corrections for off-nadir pointing are
applied. For other radar modes this data field is
invalid, as indicated by science_qual_flag. See
Appendix D. This value corresponds to the PDS
Data Dictionary element definition
derived_planetary_radius.

surf_ht_std

float

Estimated uncertainty in the surface_height
measurement from the second moment of the
compressed pulse.

act_geom_time_offset

float

Time offset in seconds from burst reference time
(t_ephem_time) for which the active geometry fields
were computed.

act_pol_angle

float

Angle of orientation of the electric field vector about
the look vector during the active mode
measurement. Angle is zero when the electric field
vector is perpendicular to the plane of incidence as
defined by the look vector and the target surface
normal, and increases counterclockwise. Angle is
computed for the time halfway between the
transmission midpoint and the midpoint of the active
mode receiver window.

act_incidence_angle

float

The angle between the antenna look direction and
the surface normal halfway between transmission
and receipt of the active mode signal.
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Data Field Name

Date
Type

Description

act_azimuth_angle

float

The direction of the projection of the antenna look
vector in the plane tangent to the surface at the
measurement centroid expressed by the angle
counterclockwise from East (e.g. North is 90
degrees).

act_centroid_lon

\ float

Longitude of the active (two-way) antenna boresight.

act_centroid_lat

] float

Latitude of the active (two-way) antenna boresight.

act_major_width

float

Width of major axis of ellipse representing active
measurement two-way 3-dB gain pattern contour.

act_minor_width

float

Width of minor axis of ellipse representing active
measurement two-way 3-dB gain pattern contour.

act_ellipse_pt1_lon

float

Longitude of first point in ellipse representing active
measurement two-way 3-dB gain pattern contour.
This point is on the major axis of the best fit ellipse.

act_ellipse_pt2_lon

float

Longitude of second point in ellipse representing
active measurement two-way 3-dB gain pattern
contour. This point is on the major axis of the best fit
ellipse.

act_ellipse_pt3_lon

float

Longitude of third point in ellipse representing active
measurement two-way 3-dB gain pattern contour.
This point is on the minor axis of the best fit ellipse.

act_ellipse_pt4 lon

float

Longitude of fourth point in ellipse representing active
measurement two-way 3-dB gain pattern contour.
This point is on the minor axis of the best fit ellipse.

act_ellipse_pt1_lat

float

Latitude of first point in ellipse representing active
measurement two-way 3-dB gain pattern contour.
This point is on the major axis of the best fit ellipse.

act_ellipse_pt2_lat

float

Latitude of second point in ellipse representing active
measurement two-way 3-dB gain pattern contour.
This point is on the major axis of the best fit ellipse.

act_ellipse pt3 lat

float

Latitude of third point in ellipse representing active
measurement two-way 3-dB gain pattern contour.
This point is on the minor axis of the best fit ellipse.

act_ellipse_pt4_lat

float

Latitude of fourth point in ellipse representing active
measurement two-way 3-dB gain pattern contour.
This point is on the minor axis of the best fit ellipse.

altimeter_profile_range_start

float

Range to the beginning of the buffer containing the
altimeter profile.

altimeter_profile_range_step

float

Difference in range between consecutive range bins
in altimeter profile.

altimeter_profile_length

\ integer

\ Number of valid entries in altimeter profile

sar_azimuth_res

float

Effective SAR image resolution in km along azimuth
dimension.
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Data Field Name _Il?ate Description
ype
Effective SAR image resolution in km along range
sar_range_res float di .
imension.
L Longitude of active measurement centroid in the
sar_centroid_bidr_lon float : L L
- - = BIDR oblique cylindrical map projection.
A Latitude of active measurement centroid in the BIDR
sar_centroid_bidr_lat float . S .
- - = oblique cylindrical map projection.

2.3.4 Sampled Echo Data

The sampled echo data array is located at the end of each record in the LBDR data files.
It constitutes the only difference between SBDR records and LBDR records. The array consists
of 32,768 4-byte floating-point values. It contains the active mode time-sampled data obtained
during the receive window. The data was encoded prior to downlinking from the spacecraft in
order to minimize the data transfer rate, and then decoded during the ground processing (the
data stored in the array has already been decoded). The length of the array corresponds to the
maximum amount of echo data that can ever be obtained from a single burst. Only the first N
elements in the array are valid data. These data are N floating point values in the range [-127.5,
127.5] sampled consecutively at a rate of B Hz. N is stored in the raw_active_mode_length data
field in the engineering data segment. B is in the adc_rate field in the same segment. The
raw_active_mode_rms field (also in the engineering data segment) contains the root mean
square of the N sampled echo data values. We suspect that only a few investigators will actually
need to make use of the sampled echo data.

There is one special case in which the sampled echo data takes on a different meaning.
When the baq_mode field is set to 3 that signifies the compressed scatterometer mode. In this
mode all data samples are not downlinked from the spacecraft. Instead, the absolute values of
the samples are summed across all the pulses in the pulse train. The summation is stored in the
sampled echo data array. (Since it is a summation, the values may be outside the nominal
range.) In this case an additional data value is appended after the N=raw_active_mode_length
array. The (N+1)st sample corresponds to the DC offset of the entire pulse train.

2.3.5 Altimeter Profile

The altimeter profile is an intermediate result in the altimeter processing. The altimeter
profile is the range compressed active mode data obtained while the radar is in altimeter mode
(bandwidth). It is located at the end of each record in the ABDR files. It is an array of floating
point values with the numbe